(19) 



Eur pdisches Patentamt 
European Patent Office 
Office eur peen des brevets 



01) 



EP1 004 319 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 


(51) 


int CI. 7 : A61 K 48/00, A61 K 38/1 7, 


31.05.2000 Bulletin 2000/22 


C12N 15/12 


(21) Application number: 98932549.3 


/QC\ 

\oo) 


Iillci ilaliUf lal application NUiTBJci . 


(22) Date of filing: 16.07.1998 




DPT/ IDQfi/ftQ1Qfi 
rO I / Jr^o/Uol 5k> 




(87) 


International publication number: 

WO 99/03506 (28.01.1999 Gazette 1 999/04) 


(84) Designated Contracting States: 


(72) 


Inventor: Sugiyama, Haruo 


AT BE CH CY DE DK ES F1 FRGB GR IE IT LI LU 




Mino-shi, Osaka 562-0036 (JP) 


MCNLPTSE 








(74) 


Representative: 


(30) Priority: 16.07.1997 JP 19163597 




Wakerley, Helen Rachael et al 
Reddie & Grose, 


(71) Applicant: Sugiyama, Haruo 




16 Theobalds Road 


Mino-shi, Osaka 562-0036 (JP) 




London WC1X8PL (GB) 



(54) REMEDIES FOR SOLID TUMOR CONTAINING WILMS' TUMOR GENE (WT1) EXPRESSION 
INHIBITORS 

(57) The present invention relates to therapeutic 
agents for treatment of solid tumors comprising an 
expression-inhibiting substance (an antisense oligonu- 
cleotide derivative, a WT1 mutant gene, a WT1 mutant 
protein, a low molecular weight substance, and the like) 
against the Wilms' tumor gene (WTI). 



< 

CO 

o 
o 

a 

LU 



Primed by Xerox (UK) Business Services 
2.16.7 (HRSJ/3.6 



EP1 004 319 A1 

Description 

Technical Field 

5 [0001 ] The present invention relates to therapeutic agents for treatment of solid tumors comprising an expression- 
inhibiting substance against Wilms' tumor gene (WTI). 

Background Art 

10 [0002] Wilms* tumor is a pediatric kidney tumor resulting from the inactivation of both alleles of the Wilms' tumor 
gene (WT1) located on chromosome 1 1p13 (Call KM etal., Cell 60: 509, 1990). The non-coding upstream sequence of 
WT1 (C. E. Camphell et al. ( Oncogene 9: 583-595, 1994) and the coding region including introns (D. A. Haber et aL, 
Proc. Natl. Acad. Sci. U.S.A., 88:9618-9622 (1991)) have already been reported, and they are expected to be respon- 
sible for the growth and differentiation of tumors and the like (D. A. Haber et aL, supra). 

is [0003] Based on the association of WT1 with the growth of leukemia cells, the present inventors have found that an 
antisense oligonucleotide derivative against WT1 suppresses and/or inhibits the growth of leukemia cells (PCT Patent 
Publication W096/38176, and T. Yamagami, et al., Blood, 87(7) 2878-2884 (1996)). It is not known, however, "rf an 
expression-inhibiting agent of WT1 suppresses and/or inhibits the growth of solid tumors. 

20 Disclosure of the Invention 

[0004] Thus, the present invention provides a therapeutic agent for treatment of solid tumors comprising an expres- 
sion-inhibiting substance against Wilms' tumor gene (WTI). 

25 Brief Description of Drawings 

[0005] 

Figure 1 is a graph showing an inhibitory effect of an oligonucleotide at 100 jig/ml on the cellular growth of the gas- 
30 trie cancer AZ521 cell line. 

Figure 2 is a graph showing an inhibitory effect of an oligonucleotide at 200 fig/ml on the cellular growth of the gas- 
tric cancer AZ521 cell line. 

Figure 3 is a graph showing an inhibitory effect of an oligonucleotide at 400 ng/ml on the cellular growth of the gas- 
tric cancer AZ521 cell line. 

35 Figure 4 is a graph showing an inhibitory effect of an oligonucleotide at 200 jig/ml on the cellular growth of the lung 
cancer OS3 cell line. 

Figure 5 is a graph showing an inhibitory effect of an oligonucleotide at 400 fig/ml on the cellular growth of the lung 
cancer OS3 cell line. 

Figure 6 is a graph showing an inhibitory effect of an oligonucleotide at 400 jig/ml on the cellular growth of the ovary 
40 cancer TYKnu cell line. 

Figure 7 is a graph showing an inhibitory effect of an oligonucleotide at 400 fig/ml on the cellular growth of WTAS 
PC14, a WT1 -expression-negative lung adenocarcinoma cell line. 

Best Mode for Carrying out the Invention 

45 

[0006] ' The present invention provides a therapeutic agent, for treatment of solid tumors, comprising an expression- 
inhibiting substance against WTI. Solid tumors, as used herein, mean, for example, gastric cancer, colon cancer, lung 
cancer, breast cancer, embryonic cell cancer, hepatic cancer, skin cancer, cystic cancer, prostate cancer, uterine can- 
cer, cervical cancer, ovary cancer, and the like. The expression-inhibiting substance for use in the present invention may 

so be any substance that inhibits the expression of WT1 and includes, for example, an antisense oligonucleotide derivative 
against WT1, a low molecular weight inhibiting substance such as a WT1 mutant gene, a mutant protein and decoy 
DNA etc. that act on WT1 in a dominant negative manner, or a low molecular weight inhibiting substance such as a pep- 
tide that inhibits transcription activity by specifically binding to WT1 , and the like. The antisense oligonucleotide deriva- 
tive for use in the present invention may be an antisense oligonucleotide derivative against WT1 including, for example, 

55 one against the transcription capping site of WT1 , one against the translation initiation region, an exon or an intron, and 
the like. 

[0007] For example, a nucleotide sequence of a sense DNA strand in a region containing the transcription capping 
site of WT1 is represented by SEQ ID NO: 9 and nucleotide sequences of the sense DNA strands of exon 1 to 10 in the 
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coding region of WT1 are represented by SEQ ID NO: 10 to 19, respectively. The present invention employs antisense 
oligonucleotide derivatives against such nucleotide sequences of the sense DNA strands of WT1 . The antisense oligo- 
nucleotide derivative is an antisense oligonucleotide derivative comprising 5 to 50. preferably 9 to 30 contiguous nucle- 
otides of an antisense DNA strand or an RNA strand of WT1, or 5 to 70, preferably 9 to 50 intermittently or partially 
complementary nucleotides, provided that it can bind to the DNA strand or the RNA strand of WT1 . 
[0008] As the one against a transcription capping site, there may be mentioned the following nucleotide sequences: 
5'-AGGGTCGAATGCGGTGGG-3* (SEQ ID NO: 2) and 5'-TCAAATAAGAGGGGCCGG-3' (SEQ ID NO: 4). Further- 
more, as the one against a translation initiation region, there may be mentioned antisense oligonucleotide derivatives 
against the translation initiation codon ATG and a region containing the upstream and/or the downstream thereof includ- 
ing, for example, the following nucleotide sequence: 5'-GTCGGAGCCCATTTGCTG-3* (SEQ ID NO: 6). 
[0009] The coding region of WT1 contains 1 0 exons. The antisense oligonucleotide derivative of the present inven- 
tion is directed against a sequence contained in any of these exons, a sequence covering any of two contiguous exons 
after splicing, a sequence covering a contiguous intron and exon, and a sequence of any intron and 3' or 5'-end non- 
coding region. One example is against the sixth exon that has the following sequence: 5'-CGTTGTGTGGTTATCGCT- 
3' (SEQ ID NO: 8). 

[0010] Furthermore, the region corresponding to the antisense oligonucleotide derivative of the present invention 
having a nucleotide sequence that is intermittently or partially complementary to the DNA strand or the RNA strand of 
WT1 includes, but not limited to, a ribozyme having a function of cleaving any region of a DNA strand or of an RNA 
strand of WT1. 

[0011] The structure of the antisense oligonucleotide derivative for use in the present invention is as shown in 
Chemical formula (1) wherein X may be independently any of oxygen (O), sulfur (S), a lower alkyl group and a primary 
amine or a secondary amine; Y may be independently any of oxygen (O) and sulfur (S); Z is hydrogen or a hydroxyl 
group; when Z is hydrogen B is selected from the group consisting of adenine, guanine, thymine and cytosine. and 
when Z is a hydroxyl group B is selected from the group consisting of adenine, guanine, uracil and cytosine, and B is 
primarily a complementary oligonucleotide to the DNA or the mRNA encoding WT1 ; R is independently hydrogen or a 
dimethoxytrityl group or a lower alkyl group; and n is 7 to 28. 
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40 [001 2] Preferred antisense oligonucleotide derivatives include not only non-modified antisense oligonucleotides but 
also modified antisense oligonucleotides. Examples of such modifications include, for example, lower alky] phospho- 
nate-modifications such as the above-mentioned methyiphosphonate type or the ethylphosphonate type, and the phos- 
phorothioate modifications or the phosphoroamidate modifications (see Chemical formula (2)). 
[0013] Examples of 

45 



50 
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Methylphosphonate 



CH, — 



Phosphorothioate 



Phosphorodithioate 
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Phosphoroaraidate 




Triester phosphate 




[0014] These antisense oligonucleotide derivatives can be obtained by a conventional method as shown below. 
[0015] An antisense oligonucleotide of Formula (1) in which X and Y are O and Z is hydrogen or a hydroxyl group 
may be readily synthesized using a commercially available DNA synthesizer (for example the one manufactured by 
Applied Biosystems). 

[0016] Synthesis of an antisense oligodeoxy ribonucleotide in which Z is hydrogen can be effected by the solid 
phase synthesis using phosphoroamidite, the solid phase synthesis using hydrogen phosphonate, or the like. 
[0017] See, for example, T. Atkinson, M. Smith, in Oligonucleotide Synthesis: A Practical Approach, ed. M. J. Gait, 
IRL Press, 35-81 (1984); M. H. Caruthers, Science, 230, 181 (1985); A. Kume, M. Fujii, M. Sekine, M. Hata, J. Org. 
Chem., 49, 2139 (1984); B. C. Froehler, M. Matteucci, Tetrahedron Lett, 27, 469 (1986); R J. Garegg, I. Undh, T. Reg- 
berg, J. Stawinski, R. Stromberg, C. Henrichson, ibid, 27, 4051 (1986); B. S. Sproat, M. J. Gait, in Oligonucleotide Syn- 
thesis: A Practical Approach, ed. M. J. Gait, IRL Press, 83-115 (1984); S. L Beaucage and M. H. Caruthers, 
Tetrahedron Lett., 22, 1859-1862 (1981); M. D. Matteucci and M. H. Caruthers, Tetrahedron Lett., 21, 719-722 (1980); 
M. D. Matteucci and M. H. Caruthers, J. Am. Chem. Soc., 103, 3185-3191 (1981) 

[001 8] A triester phosphate modification derivative in which X is a lower alkoxy group can be obtained by, for exam- 
ple, a conventional method in which an oligonucleotide that was obtained by chemical synthesis is treated with a solu- 
tion of tosyl chloride in DMF / methanol / 2,6-lutidiene (Moody H. M. et aL, Nucleic Acids Res., 17, 4769-4782 (1989)). 
[0019] An alkyl phosphonate modification derivative in which X is an alkyl group can be obtained by, for example, 
using phosphoamidite (M. A. Dorman, et al., Tetrahedron, 40, 95-102 (1984); K. L Agarwal and F. Riftina, Nucleic Acids 
Res., 6, 3009-3024(1979)). 

[0020] A triester phosphorothioate modification derivative in which X is S can be obtained by a solid phase synthe- 
sis using sulfur (C.A. Stein, et al., Nucleic Acids Res., 16, 3209-3221 (1988)), or a solid phase synthesis using tetrae- 
thyltiraum disulfide (H. Vu and B. L Hirschbein, Tetrahedron Letters, 32, 3005-3008 (1991). 
[0021] A phosphorodrthioate modification derivative in which both X and Y are S can be obtained by, for example, 
a solid phase synthesis in which a bisamidite is converted to a thioamidite, to which is added sulfur to yield said modi- 
fication (W. K. -D. Brill, et al., J. Am Chem. Soc., 111, 2321-2322(1989)). 

[0022] A phosphoroamidate modification derivative in which X is a primary amine or a secondary amine can be 
obtained by, for example, a solid phase synthesis in which hydrogen phosphonate is treated with a primary or second- 
ary amine (B. Froehler, et al.. Nucleic Acids Res., 16, 4831-4839 (1988)). Alternatively the amidite may be oxidized with 
tert-butyl hydroperoxide to yield said modification (H. Ozaki, et al., Tetrahedron Lett., 30, 5899-5902 (1989)). 
[0023] Although the synthetic method of an antisense oligoribonucleotide in which Z is a hydroxyl group is very 
complicated as compared to that of an antisense oligodeoxyribonucleotide in that a 2-hydroxyl group present in the 
ribose (sugar) must be protected in the former method, it can be synthesized by selecting, as appropriate, the protecting 
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group and the method of phosphorylation (see Bisetbutugaku Kiso Koza (Basic Course in Microbiology), Vol. 8, Eiko 
Ohtsuka and Kazunobu Miura, Idenshi Kogaku (Genetic Engineering), Tadahiko Ando and Kenji Sakaguchi ed., Octo- 
ber 10, 1987, Kyoritsu Shuppan Publishing Company). 

[0024] Purification and the confirmation of purity can be carried out by high performance liquid chromatography and 
polyacrylamide gel electrophoresis. The confirmation of molecular weight can be carried out by Electrospray Ionization 
Mass Spectrometry or Fast Atom Bombardment-Mass Spectrometry. 

[0025] The expression-inhibiting substance against WT1 of the present invention is believed to inhibit the growth of 
solid tumor cells by acting in any stage from genomic DNA to mature mRNA and by inhibiting the expression thereof. 
Thus, the expression-inhibiting substance of the present invention is expected to be useful for the treatment of solid 
tumors. 

[0026] The expression-inhibiting substance of the present invention can be mixed with an appropriate carrier mate- 
rial to formulate an external preparation such as a liniment, a cataplasm and the like. 

[0027] It can also be mixed, as desired, with an excipient, an isotonic agent, a solubilizer, a stabilizer, an antiseptic, 
a soothing agent or the like to formulate a tablet, powder, granules, a capsule, a liposome capsule, an injection, a solu- 
tion, a nasal drop, and the like as well as a lyophilized preparation. They can be prepared according to a conventional 
method. 

[0028] The expression-inhibiting substance of the present invention may be applied to the patient by either directly 
administering it to the affected area of the patient or administering "rt into a blood vessel thereby allowing the substance 
to be delivered to the affected area. Furthermore, an encapsulating agent that enhances prolonged action and mem- 
brane permeability may be used. There may be mentioned, for example, liposome, poly-L-lysine, lipid, cholesterol, lipo- 
fectin or derivatives thereof. 

[0029] Preferably the dosage of the expression-inhibiting substance of the present invention can be adjusted as 
appropriate depending on the condition, age, sex, weight, and the like of the patient to employ a preferred amount. The 
method of administration may be selected, as appropriate, from oral, intramuscular, intraperitoneal, intrathoracic, 
intraspinal, intratumoral, intradermal, subcutaneous, intravenous, intraarterial, rectal administration and the like to 
employ a preferred method. 

[0030] The present invention is now explained in more detail with reference to the following examples. 
Examples 



Synthetic Example 1 



[0031 ] The oligodeoxyribonucleotides (SEQ ID NO: 1 to8) and the random sequence (Rand) used below were syn- 
thesized using an automatic synthetic instrument (Applied Biosystems), which were then purified by high performance 
liquid chromatography were subjected to ethanol precipitation for three times, and then were suspended in a phosphate 
buffered saline. 

[0032] The oligonucleotides that were synthesized are shown below. The random sequence (Rand) is a sequence 
comprising 18 nucleotides and thereby is theoretically a mixture of sequences of 4 to the 18th power kinds. 



SEQ ID NO: 1 : A sense sequence of the transcription capping site (SE1); 
SEQ ID NO: 2: An antisense sequence of the transcription capping site (AS1); 
SEQ ID NO: 3: A sense sequence of the transcription capping site; 
SEQ ID NO: 4: An antisense sequence of the transcription capping site; 
SEQ ID NO: 5: A sense sequence of the translation initiation region (SE2); 
SEQ ID NO: 6: A antisense sequence of the translation initiation region (AS2); 
SEQ ID NO: 7: A sense sequence of exon 6; 
SEQ ID NO: 8: An antisense sequence of exon 6; 



Example 1. 



[0033] Cells of the WT1 expression-positive gastric cancer AZ521 cell line at 5 x 1 0 4 cells/ml were inoculated at an 
amount of 100 nl/well into the RPMI1640 medium containing no fetal calf serum (FCS) in a flat-bottomed 96-well plate. 
The oligonucleotide AS1 or the control SE1 or rand was added to triple wells to a final concentration of 100 ng/ml. After 
incubation for 2 hours, FCS was added to each well to a final concentration of 10%. The oligonucleotide of half the 
above amount was added to the culture every 24 hours. 

[0034] After incubation for 96 hours, the surviving cells were counted by the dye exclusion method. As a control cul- 
ture, PBS having the same volume containing no nucleotides was added and the cell count in this culture was set as 
100%. 
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[0035] The result is shown in Figure 1 . As can be seen from this figure, the arrtisense oligonucleotide AS1 of the 
present invention strongly inhibited the growth of cells as compared to the corresponding sense oligonucleotide SE1. 

Example 2. 

[0036] A similar experiment to the one described in Example 1 was carried out, except that the oligonucleotide AS1 
or AS2, or rand was added at 200 jig/ml. As can be seen from Figure 2, the arrtisense oligonucleotides AS1 and AS2 
of the present invention significantly inhibited the growth of gastric cancer cells as compared to the random sequence 
(rand). 

Example 3. 

[0037] A similar experiment to the one described in Example 1 was carried out, except that the oligonucleotide AS1 
or AS2, or rand was added at 400 jig/ml. As can be seen from Figure 3, the arrtisense oligonucleotides AS1 and AS2 
of the present invention significantly inhibited the growth of gastric cancer cells as compared to the random sequence 
(rand). 

[0038] As is clear from the results in Examples 1 to 3, the inhibitory effect of the antisense oligonucleotide of the 
present invention on the growth of the gastric cancer cells was concentration-dependent 

Example 4. 

[0039] A similar experiment to the one described in Example 1 was carried out, except that cells of the lung cancer 
OS3 cell line were used as solid tumor cells, and the antisense oligonucleotide AS1 or AS2 or the random sequence 
(rand) was used at 200 jig/ml. As can be seen from Figure 4, the antisense oligonucleotides AS1 and AS2 of the 
present invention significantly inhibited the growth of the lung cancer cells as compared to the random sequence (rand). 

Example 5. 

[0040] A similar experiment to the one described in Example 1 was carried out, except that the antisense oligonu- 
cleotide AS1 at 400 ng/ml or SE1 or rand at 400 jig/ml as a control were used. As can be seen from Figure 5, the anti- 
sense oligonucleotide AS1 of the present invention significantly inhibited the growth of lung cancer cells as compared 
to the other control oligonucleotides. 

[0041 ] As is clear from the comparisons in Examples 4 and 5, the inhibitory effect of the antisense oligonucleotide 
of the present invention on the growth of the lung cancer cells was concentration-dependent. 

Example 6. 

[0042] A similar experiment to the one described in Example 1 was carried out, except that the cells of the ovary 
cancer TYKnu cell line were used, the antisense oligonucleotide AS1 at 400 fig/ml or SE1 or the control oligonucleotide 
SE1 or rand at 400 fig/ml were used. As can be seen from Figure 6, the antisense oligonucleotide AS1 of the present 
invention has shown a marked inhibitory effect on ovary cancer cells as compared to the control oligonucleotide. 

Reference Example 1. 

[0043] A similar experiment to those described in Examples was carried out, except that the cells of the WT1 
expression-negative lung adenocarcinoma cell line WTAS PC14 were used as the test cells, the antisense oligonucle- 
otide AS1 or AS2 at 400 fig/ml or the control oligonucleotide rand at 400 jig/ml were used. As can be seen from Figure 
7, the antisense oligonucleotide of the present invention did not exhibit a marked inhibitory effect on growth as com- 
pared to the WT1 expression-positive cells. 

Example 7. 

[0044] RNA was extracted from each cancer cell line shown in Table 2 and the amount expressed of WT1 mRNA 
was determined using the RT-PCR method described below. The amount expressed of WT1 in the leukemia cell line 
K562 was set as 1 .0 and the amount expressed of WT1 in each cancer cell line was shown at a relative amount in Table 
2. 

[0045] Total RNA from each cell line was extracted according to the conventional method [for example, the acid- 
guanidine-phenol-chloroform method: Anal. Biochem., 162, 156 (1987)]. The total RNA was dissolved in a diethyl pyro- 
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carbonate-treated water, and then the absorbance at 260 nm was spectrophotometricaily determined. 
[0046] 1 5.5 nl of the diethyl pyrocarbonate-treated water containing 1 \ig of the total RNA was heated at 65 °C for 
5 minutes, and was mixed with 14.5 \i\ of the RT buffer (50 mmol/1 Tris HCI, pH 8.3; 70 mmol/l KCI; 3 mmol/l MgCI 2 ; 10 
mmol/l cfrthiothreitol) containing 600 U of a reverse transcriptase (Moloney murine leukemia virus reverse transcriptase: 
GIBCO-BRL), 500 mmol/l of each deoxynucleotide triphosphate (dNTP: Pharmacia) and 750 ng of an olido dT primer 
and 40 U of an RNase inhibitor (Boehringer Mannheim). 

[0047] The mixture was incubated at 37°C for 90 minutes and heated at 70°C for 20 minutes, and then was stored 
at - 20°C until use. 

[0048] PCR was conducted using a DNA thermal cycler (Perkin Elmer-Cetus) at repeated cycles of denaturation at 
94°C for 1 minute, primer annealing at 64°C for 1 minute (p actin: 60°C, 1 minute), and chain elongation at 72°C for 2 
minutes to obtain a PCR product (the first round PCR). 

[0049] When the densitomer unit (described below) of said PCR product is less than 500, the second round PCR 
was carried out using nested inward primers in a reaction mixture comprising 2.5 \i\ of the first round PCR product. 
[0050] The PCR product thus obtained was determined according to the method described in an article [J. Immu- 
nol., 147, 4307 (1991)] as described below: 

[0051 ] Thus, the PCR product from 20 ng of total RNA was resolved on a 1 .3% agarose gel containing 0.05 ng/ml 
ethidium bromide, and photographed with a Polaroid film (Polaroid 665 film, Polaroid Corpi). 
[0052] The negative film was developed at 25°C for 5 minutes and was assayed with a densitometer (CS-9000: Shi- 
madzu) to obtain "densitometer units". 

[0053] Furthermore, the result obtained from the above experiment using the PCR product in the absence of RNA 
was set as the negative control. 

[0054] The primers used in the above experiment are as shown in Table 1 . 



Table 1 



First round PCR primer 


Nucleotide sequence 


Outward sense primer 


5-GGCATCTGAGACCAGTGAGAA-3' (SEQ ID NO: 20) 


Outward antisense primer 


5'-GAGAGTCAGACTTGAAAGCAGT-3' (SEQ ID NO: 21) 


Second round PCR primer 


Nucleotide sequence 


Inward sense primer 


5 -GCTGTCCCACTTACAGATGCA-3* (SEQ ID NO: 22) 


Inward antisense primer 


S'-TCAAAGCGCCAGCTGGAGTTT-S' (SEQ ID NO: 23) 



[0055] As primers for the p actin that was used as an internal control, those described in an article [Proc. Natl. 
Acad. Sci. USA 82, 6133 (1985)] were used. Each of these primers was chemically synthesized according to a con- 
ventional method. 

[0056] In order to standardize the differences in the amount used of RNA in RT-PCR and RNA degradation in each 
sample, the result of the WT1 gene (densitometer units) was divided by that of p actin, which was set as the level of the 
WT1 gene expression. 
[0057] The result is shown in Table 2. 



Table 2 



Origin 


Cell line 


Amount expressed of 
WT 


Gastric cancer 


AZ521 


1.2x10° 


Colon cancer 


LOVO 


1.1 x10" 3 




SW 480 


2.3 x10" 1 




SW 620 


1.0x10 _1 




COLO 320 DM 


7.3 x10 -3 



EP 1004 319 A1 

Table 2 (continued) 



Origin 


Cell line 


Amount PYnrpQQpH of 

w 


Lung cancer 


OS1 


1.6 x 10" 2 




OS2R 


8.3 x 10' 3 




OS 3 


3.1 x 10" 2 




LU 99B 


2.9 x10" 2 




LU 99C 


3.4x10* 2 




VMRC-LCP 


4.9 x 10" 1 


Breast cancer 


MDA MB 231 


3.3 x 10" 2 




YMB1 


5.2 x 10 2 


Embryonic cell cancer 


NEC 8 


5.8 x 10 3 


Ovary cancer 


TYK NU 


4.5 x 10' 1 




TYK nu. CP-r 


2.5 x 10" 1 


Leukemia (control) 


K562 


1.0x10"° 



[0058] The above result confirmed that the WT1 gene is expressed in the cultured cell lines derived from various 
solid tumors. 

[0059] As hereinabove stated, the antisense oligonucleotides of the present invention are useful for inhibiting the 
growth of solid tumor cells and thereby are expected to be novel therapeutic agents for treatment of solid tumors. 
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SEQUENCE LISTING 

SEQ ID NO: 1 
Sequence Length: 18 
Sequence Type: Nucleic acid 
Strandedness : Single 
Molecular Type: Synthetic DNA 
Sequence 

CCCACCGCAT TCGACCCT 
SEQ ID NO; 2 
Sequence Length: 18 
Sequence Type: Nucleic acid 
Strandedness : Single 
Molecular Type: Synthetic DNA 
Sequence 

AGGGTCGAAT GCGGTGGG 
SEQ ID NO: 3 
Sequence Length: 18 
Sequence Type: Nucleic acid 
Strandedness : Single 
Molecular Type: Synthetic DNA 
Sequence 

CCGCCCCCTC TTATTTGA. 

SEQ ID NO: 4 
Sequence Length: 18 
Sequence Type: Nucleic acid 
Strandedness : Single 
Molecular Type: Synthetic DNA 
Sequence 

TCAAATAAGA GGGGCCGG 
SEQ ID NO: 5 
Sequence Length: 18 
Sequence Type: Nucleic acid 
Strandedness : Single 
Molecular Type: Synthetic DNA 
Sequence 
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10 



20 



25 



CAGCAAATGG GCTCCGAC 18 
SEQ ID NO: 6 
Sequence Length: 18 
Sequence Type: Nucleic acid 
Strandedness : Single 
Molecular Type: Synthetic DNA 
Sequence 

GTCGGAGCCC ATTTGCTG 18 
SEQ ID NO: 7 
/5 Sequence Length: 18 

Sequence Type: Nucleic acid 
Strandedness : Single 
Molecular Type: Synthetic DNA 
Sequence 

AGCGATAACC ACACAACG 18 
SEQ ID NO: 8 
Sequence Length: 18 
Sequence Type: Nucleic acid 
Strandedness : Single 
Molecular Type: Synthetic DNA 
Sequence 

CGTTGTGTGG TTATCGCT 18 
SEQ ID NO: 9 - 
Sequence Length: 1272 
Sequence Type: Nucleic acid 
Strandedness : Single 
Molecular Type: Synthetic DNA 
40 Sequence 

TGGTATCCTC GACCAGGGCC ACAGGCAGTG CTCGGCGGAG TGGCTCCAGG AGTTACCCGC 60 

TCCCTGCCGG GCTTCGTATC CAAACCCTCC CCTTCACCCC TCCTCCCCAA ACTGGGCGCC 120 

AGGATGCTCC GGCCGGAATA TACGCAGGCT TTGGGCGTTT GCCAAGGGTT TTCTTCCCTC 180 

CTAAACTAGC CGCTGTTTTC CCGGCTTAAC CGTAGAAGAA TTAGATATTC CTCACTGGAA 240 

AGGGAAACTA AGTGCTGCTG ACTCCAATTT TAGGTAGGCG GCAACCGCCT TCCGCCTGGC 300 

GCAAACCTCA CCAAGTAAAC AACTACTAGC CGATCGAAAT ACGCCCGGCT TATAACTGGT 360 

GCAACTCCCG GCCACCCAAC TGAGGGACGT TCGCTTTCAG TCCCGACCTC TGGAACCCAC 420 

AAAGGGCCAC CTCTTTCCCC AGTGACCCCA AGATCATGCC CACTCCCCTA CCCGACAGTT 480 

CTAGAGCAAG AGCCAGACTC AAGGCTGCAA AGCAAGGGTA TACGCTTCTT TGAAGCTTGA 540 



30 



35 



45 



50 



55 
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10 



15 



20 



CTGAGTTCTT TCTGCGCTTT CCTCAAGTTC CCGCCCTCTT GGAGCCTACC TGCCCCTCCC 600 
TCCAAACCAC TCTTTTAGAT TAACAACCCC ATCTCTACTC CCACCGCATT CGACCCTGCC 660 
CGGACTCACT GCTACTGAAC GGACTCTCCA GTGAGACGAG GCTCCCACAC TGGCGAAGGC 720 
AAGAAGGGGA GGTGGGGGGA GGGTTGTGCC ACACCGGCCA GCTGAGAGCG CGTGTTGGGT 780 
TGAAGAGGAG GGTGTCTCCG AGAGGGACGC TCCCTCGGAC CCGCCCTCAC CCCAGCTGCG 840 
AGGGCGCCCC CAAGGAGCAG CGCGCGCTGC CTGGCCGGGC TTGGGCTGCT GAGTGAATGG 900 
AGCGGCCGAG CCTCCTGGCT CCTCCTCTTC CCOGCGCCGC CGGCCCCTCT TATTTGAGCT 960 
TTGGGAAGCT GAGGGCAGCC AGGCAGCTGG GGTAAGGAGT TCAAGGCAGC GCCCACACCC 1020 
GGGGGCTCTC CGCAACCCGA CCGCCTGTCG CTCCCCCACT TCCCGCCCTC CCTCCCACCT 1060 
ACTCATTCAC CCACCCACCC ACCCAGAGCC GGGACGGCAG CCCAGGCGCC CGGGCCCCGC 1140 
CGTCTCCTCG CCGCGATCCT GGACTTCCTC TTGCTGCAGG ACCCGGCTTC CACGTGTGTC 1200 
CCGGAGCCGG CGTCTCAGCA CACGCTCCGC TCCGGGCCTG GGTGCCTACA GCAGCCAGAG 1260 
CAGCAGGGAG TC 1272 
SEQ ID NO: 10 
Sequence Length; 457 
Sequence Type: Nucleic acid 
Strandedness : Single 
25 Molecular Type: Synthetic DNA 

Feature: A part of exon 1 of WT1 gene 
Sequence 

TCTGAGCCTC AGCAAATGGG CTCCGACGTG CGGGACCTGA ACGCGCTGCT GCCCGCCGTC 60 
CCCTCCCTGG GTGGCCGCGG CGGCTGTGCC CXGCCTGTGA GCGGCGCGGC GCAGTGGGCG 120 
CCGGTGCTGG ACTTTGCGCC CCCGGGCGCT TCGGCTTACG GGTCGTTGGG CGGCCCCGCG 180 
CCGCCACCGG CTCCGCCGCC ACCCCCGCCG CCGCCGCCTC ACTCCTTCAT CAAACAGGAG 240 
CCGAGCTGGC GCGGCGCGGA GCCGCACGAG GAGCAGTGCC TGAGCGCCTT CACTGTCCAC 300 
TTTTCCGCCC AGTTCACTGG CACAGCCGGA GCCTGTCGCT ACGGGCCCTT CGGTCCTCCT 360 
CCGCCCAGCC AGGCGTCATC CGGCCAGGCC AGGATGTTTC CTAACGCGCC CTACCTGCCC 420 
AGCTGCCTCG AGAGCCAGCC CGCTATTCGC AATCAGG 457 
SEQ ID NO: 11 
Sequence Length: 123 
Sequence Type: Nucleic acid 
Strandedness : Single 
45 Molecular Type: Synthetic DNA 

Feature: Exon 2 of WT1 gene 
Sequence 

GTTACAGCAC GGTCACCTTC GACGGGACGC CCAGCTACGG TCACACGCCC TCGCACCATG 60 
CGGCGCAGTT CCCCAACCAC TCATTCAAGC ATGAGGATCC CATGGGCCAG CAGGGCTCGC . 120 
TGG 123 
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SEQ ID NO: 12 
Sequence Length: 103 
Sequence Type: Nucleic acid 
Strandedness : Single 
Molecular Type: Synthetic DNA 
Feature: Exon 3 of WT1 gene 
Sequence 

GTGAGCAGCA GTACTCGGTG CCGCCCCCGG TCTATCGCTG CCACACCCCC ACCGACAGCT 

GCACCGGCAG CCAGGCTTTG CTGCTGAGGA CGCCCTACAG CAG 

SEQ ID NO: 13 

Sequence Length: 78 

Sequence Type: Nucleic acid 

Strandedness : Single 

Molecular Type: Synthetic DNA 

Feature: Exon 4 of WT1 gene 

Sequence 

TGACAATTTA TACCAAATGA CATCCCAGCT TGAATGCATG ACCTGGAATC AGATGAACTT 
AGGAGCCACC TTAAAGGG 

SEQ ID NO: 14 
Sequence Length: 51 
Sequence Type: Nucleic acid 
Strandedness : Single 
Molecular Type: Synthetic DNA 
Feature: Exon 5 of WT1 gene 
Sequence 

AGTTGCTGCT GCGAGCTCCA GCTCAGTGAA ATGGACAGAA GGGCAGAGCA A 

SEQ ID NO: 15 

Sequence Length: 97 

Sequence Type: Nucleic acid 

Strandedness : Single 

Molecular Type: Synthetic DNA 

Feature: Exon 6 of WT1 gene 

Sequence 

CCACAGCACA GGGTACGAGA GCGATAACCA CACAACGCCC ATCCTCTGCG GAGCCCAATA 
CAGAATACAC ACGCACGGTG TCTTCAGAGG CATTCAG 
SEQ ID NO: 16 
Sequence Length: 151 
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Sequence Type: Nucleic acid 
Strandedness : Single 
Molecular Type: Synthetic DNA 
Feature: Exon 7 of WT1 gene 
Sequence 

GATGTGCGAC GTGTGCCTGG AGTAGCCCCG ACTCTTGTAC GGTCGGCATC TGAGACCAGT 60 
GAGAAACGCC CCTTCATGTG TGCTTACCCA GGCTGCAATA AGAGATATTT TAAGCTGTCC 120 
CACTTACAGA TGCACAGCAG GAAGCACACT G 151 
SEQ ID NO: 17 
is Sequence Length: 90 

Sequence Type: Nucleic acid 
Strandedness : Single 
Molecular Type: Synthetic DNA 
Feature: Exon fi of WT1 gene 
Sequence 

GTGAGAAACC ATACCAGTGT GACTTCAAGG ACTGTGAACG AAGGTTTTCT CGTTCAGACC 60 
AGCTCAAAAG ACACCAAAGG AGACATACAG 90 

SEQ ID NO: 18 
Sequence Length: 93 
Sequence Type: Nucleic acid 
Strandedness : Single 
Molecular Type: Synthetic DNA 
Feature: Exon 9 of WTl gene 
Sequence 

GTGTGAAACC ATTCCAGTGT AAAACTTGTC AGCGAAAGTT CTCCCGGTCC GACCACCTGA 60 
AGACCCACAC CAGGACTCAT ACAGGTAAAA CAA 93 
SEQ ID NO: 19 
40 Sequence Length: 158 

Sequence Type: Nucleic acid 
Strandedness : Single 
Molecular Type: Synthetic DNA 
Feature: A part of exon 10 of WTl gene 
Sequence 

GTGAAAAGCC CTTCAGCTGT CGGTGGCCAA GTTGTCAGAA AAAGTTTGCC CGGTCAGATG 60 
AATTAGTCCG CCATCACAAC ATGCATCAGA GAAACATGAC CAAACTCCAG CTGGCGCTTT 120 
GAGGGGTCTC CCTCGGGGAC CGTTCAGTGT CCCAGGCA 158 
SEQ ID NO: 20 

55 
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Sequence Length: 21 
Sequence Type: Nucleic acid 
Strandedness : Single 
Molecular Type: Synthetic DNA 
Sequence 

GGCATCTGAG ACCAGTGAGA A 21 

SEQ ID NO: 21 

Sequence Length: 22 

Sequence Type: Nucleic acid 

Strandedness : Single 

Molecular Type: Synthetic DNA 

Sequence 

GAGAGTCAGA CTTGAAAGCA GT 22 

SEQ ID NO: 22 
Sequence Length: 21 
Sequence Type: Nucleic acid 
Strandedness : Single 
Molecular Type: Synthetic DNA 
Sequence 

GCTGTCCCAC TTACAGATGC A 21 

SEQ ID NO: 23 

Sequence Length: 21 

Sequence Type: Nucleic acid 

Strandedness : Single 

Molecular Type: Synthetic DNA 

Sequence 

TCAAAGCGCC AGCTGGAGTT T 21 



Claims 

1. A therapeutic agent for treatment of solid tumors comprising an expression-inhibiting substance against Wilms' 
tumor gene (WTI). 

2. The therapeutic agent according to claim 1 for treatment of solid tumors, wherein said expression -inhibiting sub- 
stance is an antisense oligonucleotide derivative. 

3. The therapeutic agent according to claim 1 for treatment of solid tumors, wherein said expression-inhibiting sub- 
stance is the WT1 mutant gene. 

4. The therapeutic agent according to claim 1 for treatment of solid tumors, wherein said expression-inhibiting sub- 
stance is a WT1 mutant protein. 
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5. The therapeutic agent according to claim 1 for treatment of solid tumors, wherein said expression-inhibiting sub- 
stance is a low molecular weight substance. 

6. The therapeutic agent according to claim 2 for treatment of solid tumors, wherein said antisense oligonucleotide 
derivative is an antisense oligonucleotide against at least 9 contiguous nucleotides of a transcription capping site 
of the Wilms' tumor gene. 

7. The therapeutic agent according to claim 6 for treatment of solid tumors, wherein said antisense oligonucleotide 
derivative has the nucleotide sequence: 

5'-AGGGTCGAATGCGGTGGG-3' (SEQ ID NO: 2) or 
5'-TCAAATAAGAGGGGCCGG-3' (SEQ ID NO: 4). 

8. The therapeutic agent according to claim 2 for treatment of solid tumors, wherein said antisense oligonucleotide 
derivative is an antisense oligonucleotide against at least 9 contiguous nucleotides of the translation initiation 
region of the Wilms' tumor gene. 

9. The therapeutic agent according to claim 8 for treatment of solid tumors, wherein said antisense oligonucleotide 
has the nucleotide sequence: 

5'-GTCGGAGCCCATTTGCTG-3' (SEQ ID NO: 6). 

10. The therapeutic agent according to claim 2 for treatment of solid tumors, wherein said antisense oligonucleotide 
derivative is an antisense oligonucleotide against at least 9 contiguous nucleotides of an exon of the Wilms' tumor 
gene. 

11. The therapeutic agent according to claim 10 for treatment of solid tumors, wherein said exon is exon 6. 

12. The therapeutic agent according to claim 1 1 for treatment of solid tumors, wherein said antisense oligonucleotide 
derivative has the nucleotide sequence: 

5'-CGTTGTGTGGTWCGCT-3' (SEQ ID NO: 8). 

13. The therapeutic agent according to any of claims 1 to 12 for treatment of solid tumors, wherein said solid tumor is 
gastric cancer, colon cancer, lung cancer, breast cancer, embryonic cell cancer, hepatic cancer, skin cancer, cystic 
cancer, prostate cancer, uterine cancer, cervical cancer, or ovary cancer. 
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Fig. 1 
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Fig.2 
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Fig. 3 
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Fig.A 




CONTROL 



rand 



AS2 



AS1 



21 



EP 1004 319 A1 



F i g.5 



120- 



1 100 

O 

a 
o 



w 
> 

M 

< 
■J 

w 

Pi 

o 
a: 
o 



80 



60- 



40- 



20-. 



0 




CONTROL 



rand 



SE1 




AS1 



22 



EP1 004 319 A1 



F i g.6 




CONTROL 



rand 



SE1 



AS1 



23 



J i 



EP 1004 319 A1 



Fig.7 
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